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(Isolation of Plasmids in Legionella pneumophila and
Legionella-Like Organisms
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Agarose gel electrophoresis was employed to screen nine strains of Legionella-
like bacteria and one strain of Legionella pneumophila for the presence of
extrachromosomal deoxyribonucleic acid. Cryptic plasmids with molecular
weights ranging from 46.6 X 10" to 59.8 x 106 were found in three of the isolates
examined.

Recent reports have established that certain University Hospital, Pittsburgh, Pa.). Pseudom-
strains of bacteria, designated Legionella-like, onas aeruginosa PU21 obtained from G. A.
are etiological agents of pneumonia in humans Jacoby (Massachusetts General Hospital, Bos-
(2, 8, 10, 14). The Legionella-like isolates ex- ton, Mass.) contains a large 312 x 106-molecular-
amined in this study, WIGA, TEX.KL, TAT- weight plasmid and a smaller 20 x 106-molecu-
LOCK, HEBA, and five strains of the Pittsburgh lar-weight cryptic plasmid and was used as a
pneumonia agent, possess various degrees of control molecular weight marker. Escherichia
phenotypic or genotypic relatedness to Legion- coli V517 was supplied by E. M. Lederberg
ella pneumophila. The WIGA bacterium iso- (Plasmid Reference Center, Stanford, Calif.).
lated in 1959 has been demonstrated to be phe- This strain was also used as a molecular weight
notypicaUy similar but genetically distinct from marker for gel electrophoresis and contains eight
L. pneumophila, based on deoxyribonucleic acid plasmid species ranging in molecular weight
(DNA) homology studies, and may represent a from 1.36 X 10 to 35.8 X 106G (1).
second species of Legionella (1). Another Legionella-like bacteria were cultured on
WIGA-like bacterium, designated TEX-KL, was chemically defined medium (17) according to
obtained from postmortem lung tissue from a established parameters of growth for L. pneu-
patient who died in Texas in early 1979. DNA mophila. Cells from 100 nil of exponential-phase
relatedness studies indicate that TEX-KL may cultures were harvested by centrifugation and
represent a third species of the genus Legionella washed once in 10 ml of 10 mM sodium phos-
(10). The 1943 isolate, TATLOCK (6), the phate buffer (pH 7.0). Washed cells were sus-
HEBA bacterium isolated in 1959 (6), and the pended in 3.0 ml of 25% sucrose in 50 mM
Pittsburgh pneumonia agent, isolated in 1979 tris(hydroxvmethyl)aminomethane (Tris)-hy-
(16) have identical biochemical, cultural, and drochloride (pH 8.0), lysozyme (3.0 mg/ml) was
antigenic characteristics. These strains also are added, and the suspension was incubated at
phenotypically similar but genetically distinct 37'C in a shaker-incubator. After 15 to 20 min
from L. pneumophila (8), indicating that they of incubation, 3.0 ml of 250 mM ethylenedia-
may represent a fourth species of Legionella (7, minetetraacetate (pH 8.0) was added, and the
15). The OLDA bacterium, originally isolated in cells were chilled on ice for 5 min. Cell lysis was
1947, has now been shown to be a strain of L. achieved by the addition of 1.5 ml of 20> sodium

bpnemophila, serogroup 1 (12). Hereafter, we dodecyl sulfate followed immediately by incu-
will refer to all isolates as Legionella-like, cog- bation in a 55°C water bath for 5 min with gentle
nizant of the current taxonomic status of the agitation. Freshly prepared 3 N NaOH was
OLDA isolate, added dropwise until the pH was 12.1 to 12.4.

The Legionella-like isolates OLDA, WIGA, The pH was .mmediately reduced to 8.5 to 9.0
HEBA, TATLOCK, and TEX-KL were ob- with 2 M Tris-hydrochloride (pH 7.0). Dena-

-b tained from the Centers for l)isease Control, tured chromosomal DNA and cellular debris
Atlanta, Ga. The five Pittsburgh pneumonia were precipitated by the addition of 1.5 ml of

agent strains (EK, ML, LR, JC, and GL) were 20'7 sodium dodecyl sulfate and 3.0 ml of 5 M
kindly supplied by A. W. Pasculle (Presbyterian NaCI followed by overnight storage at 4°C. The
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following day, the Iy.ate was centrifuged for 30
min at 17,000 x g at 4°C. The precipitate was .
discarded, and ribonuclease (2 mg/ni in distilled
water, heated to I00}C for 5 min) was added to
the supernatant to a final concentration of 1WMI
fg/mi and incubated for 30 min at 370 C. Plasmid
DNA was precipitated by the addition of 0.05
volume of 3 M sodium acetate and 2 volumes of
cold 95% ethanol and stored at -20'C for at
least 4 h. Plasmid DNA was concentrated by
centrifugation for 30 nmin at 17,000 x g. and the
resultant pellet was suspended in 100 to 2) 1
of Tris-borate buffer. This procedure, unlike Ftc;. 2. Leastsquares regre.sson analysis of plas
other methods attempted (Ia, 3. 4, 9), permits mid DNA. Plasmid molecular weights were calcu
the detection of plasmid DNA in the Legionella lated as described by Hansen and Olsen (5). Plasmid
isolates. Samples were subjected to electropho- DNA from E. coli VSI 7 was purified by cesium cho-
resis in 0.8 and 1% agarose (Seakem Marine ride-ethidium bromide buoyant densitv centrifuga.
Colloids, Inc., Portland, Me.), using Tris-borate lion. Plasmind molecular weights of marker strain arc
running buffer and tracking dye, and stained as 35.8 x 10", 4.8 x 10". 3.7 x 10". 3.4 x 10", and 2.6 x
previously described by Meyers et al. (13). Sam- 10". The three smaller plasmid species of the marker
pies were electrophoresed at 2 mA for 60 inin strain (2 x 10". 1.8 x 10' . and 1.4 × 10') were not
followed by 50 mA for 90 to 210 rin depending retained on the gel under the stated el'ctrophorctc
on the degree of band separation desired, conditions.

The migration patterns of purified plasmid
DNA from the OLDA, WIGA, and TEX-KI the largest of the five plasmid isolates. The
isolates are shown in Fig. 1. Molecular weight WIGA bacterium contained two plasmid species,
estimates were determined from the relative mi- pLBl (molecular weight, 54.3 x 10") and pLB2
gration rates of plasmid bands in agarose gels (molecular weight, 47.6 x 106 (Fig. IBJ, the
(Fig. 2). The OLDA strain of L. pneurnophila smaller of the two having a double band appear-
contained a single covalently closed circular ance. This third intermediate band is believed
plasmid species, pLP3 (Fig. 1A), with an esti- to be a catenated form of the smaller of the two
mated molecular weight of 59.8 x 10';. This was plasmids (pLB2) in the WIGA isolate and not

an open circular form of pLB2 or a third distinct
A B CD plasmid species. Further evaluation of this oh-

servation by electron microscopy is in progress.
The TEX-KL organism also had two plasmid
species, pLK I and pLK2, with molecular weights
of 58.6 x 10" and 46.6 x 10';. respectively. (Fig.
1C). The alteration of selected electrophoretic
parameters shows that all plasmid isolates are
unique entities. Plasmid DNA was not detected
in the HEBA, TATLOCK, or five Pittsburgh
pneumonia agent isolates. The failure to isolate
extrachromosomal DNA front these organisms
may have been due to shortcomings in outr tech-
nique, and alternate methodologies may even-
tually establish the presence of plasmid DNA in
these organisms. The small 20 x 10"-molecular-
weight cryptic plasmid of the control P. acrugi.
nosa strain was not observed. It is possible that
this culture was cured of this smaller plasind,

Fico. 1. Gel c'lectrophoresis of purifitd Plasm ids since extrachromosomal I)NA from E. coht in
front Legionellalike hadcria. Pitrlied DNA (30 lit) the molecular weight range of t) x 10" to 20 x
was mixed cirth 40 jlof tracking dye. The lNA dyv 10" was successfully resolved by our protocol
mixture (30 pl) it'(is applied tic agarosr iwel/. DNA (data not shown).
samples we're subjected to 'lrlt1pltorn'. , s in P '; aget h
rose at 2 mA for 60 rin m lfolud h hv .50 mA i,r 210 The recovery of plasmid I)NA fron cells
mit. (A) OL,)A strain of L. itcmnopllf. (Ip) tt;A grown in complex medium was very low cont-

isolate. ('C) TE.KI strain. (1)) 1' amruj,,na, P'21 pared with recovery of plasmid material front
control, cells grown in chenically defined medium. In
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addition, attempts to enhance plasmid recover). 3. C'urrier, T. C., and E. W. Nester. 1976. Isolation of
by using phenol extraction or heat-pulse (5) covalently closed circular D)NA of high molecular

rathr tan eateleatin alo rsuled n lwer weight front bacteria. Anal. Biochem. 76:4311-441,
rathr tan eateleatin aso esutedin owe 4.Guerry. P.. D. .J. LeBlanc, and S. Falkow. 1973. Gen.

yields of DNA. Although these plasmid species eral method for the isolation of plasmid deoxynibono.
do not have high molecular weights, they appear cleic acid. J. Bacteriol. lie:1lt64-it(fi.

5Hansen, J. B.. and R. HI. Olsen. 1978. isolation of largeto he highly susceptible to shear forces, which ~ bceilpamd n hrceiaino h 2hs

may explain our initial failures in attempting to tocompatibility group plasmidi, pM(;I and pMBSf;5 J,
isolate extrachromosomal DNA by conventional liacteriol. 13d.:227-238.
procedures. 6. Hebert, G1. A.. C. W. Moss. L K. McDougal, F. M.

The isolation of extrachromosonial DNA from Bozetnan, R. MW. McKinney, and D. J. Brenner.
membrs f Lgioellais ot urpisin, i co- M. The rickettsa-like organtsns 'rA'IA)CK (144:1)

membrs f Lgionell isnot urpisig, i (~t1' and HEIIA (1959): bacteria phenotypically similar to
sideration of the ubiquitous nature of plasmid but genetically distinct front Legionella pneumophila
elements. These results indicate that members attd the WIGA bacterium. Ann. Intern. Med. 92:.45-52,
of this genus, like other human pathogenic mi- 7.Hebert, G. A., A. G. Steigerwalt, and D. J. Brenner.

croransm, reabe omaintain stably plas- 1980. Legioitella micdadet species nova: classiftcation
croogansrns ar abl tool's third species o(tLegirella associated with human

mid DNA as part of their total genetic comple- pneumonia. Curr. Mi cobjol. 3:255-257.
ment. The plasmid content of each proposed S. Hebert, G. A., A. M. Thomason, P. P. Harris, MW. 1).

species is unique and may possibly be used in Hicklin. and R. M. McKinsney. 1980. "Pittsburgh
the future as one of several considerations for Pneumonia Agent', a bacterium phenot ypically. simtilar

t) Legione Un pneunophjla and identical to the TAT-
classification within the genus Legionella. The LOCK bacterium. Ann. Intern. Med. 92:531-54.
ability of these microorganisms to exchange ge- 9. LeBlanc, DJ. J., and L. N. Lee. 1979. Rapid screening
netic information with other bacteria has, to our procedure for detection of plasmids in streptococci. J.

knowedg, nt ben rpored.Howeerin iew Bacteriol. 140:1112-1115.
knowedge notbeenreprted Howverin ve 0. Lewallen, K. R., R. M. McKinney, D. J. Brenner, C.

of the narrow spectrum of antibiotics effective W. Moss. D. H. Dal, B. MW. Thomason, and R. A.
in the treatment of diseases caused by L. pneu- Bright. 1979. A newly identified bacteriunm phenoiypt-
mophila and Legionella-like organisms, the ac.- ('ally resembling, bttt genetically distinct front Legion

quistio ofdru reistnce r vrulncefacors ed'a pneumiophila: an isolate in a case of pneumonia.quistionof rug esitanc orviruenc facors Ann. Intern. Med. 91:83l1-83~4.
by these bacteria could have serious clinical 11. Macrina, F. L., D. J. Kopecko, K. R. Jones. D. J.
ramifications. Investigations are in progress to Ayers, and S. MW. McCowen. 1978. A multiple plsnd-
determine whether the plasmid isolates contrib- containing Escherichiu co/t straitt: convenient source of

size reference plasmid nmolecules. Plaanmtd 1:417-420).
ute to the virulence of these novel pathogenic 12,. McI~ade, J1. E., D. .J. Brenner and F. MW. Bozenman.
microorganisms. 19.79. Legionnaires' disease bacterium tsolatedl in 1947.

Ann. Intern. Med. 90:59-661.
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